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Abstract

after surgical removal of the parathyroid adenoma.

PMTc-MDP bone scintillation imaging

Background: Metastatic pulmonary calcification (MPC) is rarely reported in primary hyperparathyroidism, especially
MPC develops quickly. We report such a case here with a literature review.

Case presentation: A 41-year-old woman presented with cough and dyspnea. Data from clinical, radiological,
pathological, technetium (gngc)—methylene diphosphonate (MDP) bone scintillation imaging, and 99mTc—metho><y
isobutyl isonitrile (MIBI) thyroid imaging were studied. *™Tc-MIBI thyroid imaging indicated hyperparathyroidism.
Chest computed tomography (CT) scans showed rapidly progressive bilateral pulmonary multiple high-density
shadows with mass consolidation and exudation in only five days. " Tc-MDP bone scintillation imaging indicated
bilateral pulmonary calcifications. CT-guided lung biopsy showed multifocal irregularities of calcium deposition and
calcified bodies in the pulmonary interstitium. The patient showed gradually clinical and radiological improvement

Conclusion: Rapidly progressive MPC tends to be misdiagnosed as many primary pulmonary diseases. **"Tc-MDP
bone scintillation imaging and pulmonary biopsy could be performed to differentiate metastatic pulmonary
calcification from other diseases. Surgical resection of the parathyroid gland is helpful for treatment of MPC in
patients with primary hyperparathyroidism and is regularly recommended.
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Background

Primary hyperparathyroidism is typically characterized
by disorders of calcium-phosphate and bone metabolism
associated with inappropriately elevated parathyroid
hormone levels, which is caused by lesions of the
parathyroid glands that can be classified as adenoma,
glandular hyperplasia, or carcinoma [1, 2]. Calcium
deposition in normal pulmonary parenchyma due to
abnormal calcium metabolism can cause metastatic
pulmonary calcifications (MPC). MPC tends to be
misdiagnosed as one of many primary pulmonary diseases,
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leading to a delay in appropriate treatment of the illness
[3-5]. Rapid development of MPC in primary hyperpara-
thyroidism is rarely reported. In this study, we present
such a case with a review of literature.

Case presentation

A 41-year-old woman who presented with nausea and
vomiting for about six months and cough and chest dis-
comfort for two days was admitted to a local medical
center. Laboratory tests showed the serum Ca** level at
3.49 mmol/L and parathyroid hormone at 78.7 pmol/L.
The *™Tc-sestamethoxyisobutylisonitrile (MIBI) thyroid
imaging indicated hyperparathyroidism (Fig. 1). A chest
computed tomography (CT) scan showed bilateral pul-
monary mild linear opacities (Fig. 2a, b). The patient
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Fig. 1 Representative *™Tc-MIBI thyroid images indicative of hyperparathyroidism. The patient was intravenously injected with 740-925 MBq "™ Tc-MIBI.
A single-photon emission (SPECT)/CT instrument was used, which was equipped with a parallel low-energy high-resolution collimator with an energy
peak of 140 keV and a window width of 20%. The magnification when performing the neck scan was 1.5-fold, with a matrix of 128 x 128 pixels and an
acquisition count of 1000 K at 10 min and an acquisition count of 682 K at 120 min **™Tc-MIBI injection. Two points have the same acquisition time of
600 s. Neck systemic planar images were obtained after 10 min a and 120 min b; c-e There is a soft tissue nodule located in the posterior lobe of the

left thyroid gland, with radioactive accumulation

was prepared for surgical resection of left parathyroid.
Her symptoms suddenly became worse with fever and
dyspnea. The surgery was cancelled and a chest CT scan
was performed again (Fig. 2c, d), which showed a bilat-
eral pulmonary multiple high-density shadow with mass
consolidation and exudation that had progressed greatly
over the intervening five days. She was then transferred
and admitted to our Respiratory Intensive Care Unit.
The significant abnormal data for routine blood tests
are shown in Table 1. The patient was diagnosed with se-
vere pneumonia and was administered broad-spectrum

antibiotics. Her body temperature returned to normal, but
the symptoms of chest discomfort were still obvious. The
chest CT was re-examined after two weeks of treatment,
which showed obvious calcifications in the bilateral lungs
(Fig. 2e, f). Therefore, the patient received a CT-guided
cutting-needle lung biopsy of the left pulmonary. The
histopathological results indicated pulmonary fibrosis and
interalveolar septa broadening with multifocal calcium de-
position and irregular-shaped calcified bodies. No obvious
inflammatory cell or giant cell reaction was observed in
pulmonary interstitium (Fig. 3a, b). **™Tc-methylene

Fig. 2 CT scanning of the chest. a, b Initial CT scans: A little linear opacity on the bilateral pulmonary. ¢, d CT scans five days later: Bilateral
pulmonary multiple high-density shadow with mass consolidation and exudation; obvious progression when compared with initial scan. e, f Chest
image after treatment of two weeks: Obvious calcification in bilateral lungs. g, h Chest CT after left parathyroidectomy: Lesions were mildly improved.
i, j Pulmonary calcifications did not deteriorate or improve 8 months later in the follow-up examination
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Table 1 Significant abnormal laboratory data

Laboratory studies Data Reference values
Hematological test WBC 107x10%L  40-100x10°/L
Neutrophils 88x 10%/L 15-6.0x 107/L
Hemoglobin 90 g/L 120-175x 10%/L
RBC 283x10"/L  40-55%10"/L
ESR 102 mm/h 0-15 mm/h
Blood biochemical test ~ BUN 113 mmol/L  2.9-8.2 mmol/L
Albumin 232g/L 40-55 g/L
Serum calcium 275 mmol/L  2.0-2.6 mmol/L
PTH 59.5 pmol/L 1.3-9.5 pmol/L
Inflammation profile CRP 1346 mg/L 0-10.0 mg/L
PCT 8.93 umol/L <0.05 pmol/L
Coagulation profile PT 153s 9-14 s
INR 1.32 0.80-1.20
Fibrinogen 6.87 g/L 2.0-4.0 g/L
D-dimer 4.97 mg/L <0.5 mg/L

WBC white blood cell, RBC red blood cell, ESR erythrocyte sedimentation
rate, BUN blood urea nitrogen, PTH parathyroid hormone, CRP C-reactive
protein, PCT procalcitonin, PT prothrombin time, INR international
normalized ratio
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diphosphonate (MDP) bone scintillation imaging indi-
cated bilateral pulmonary calcification (Fig. 4). The patient
received a left parathyroid gland resection. The histopath-
ology showed the nest-like distribution of parathyroid
tumor cells, which were round or columnar with the cyto-
plasm being transparent and the nucleus being round or
oval. Neither nucleus atypia nor mitotic activity was
observed. Branched blood vessels were found between the
cells and there was no tumor necrosis. The pathological
diagnosis was left parathyroid adenoma (Fig. 3c, d). The
patient’s serum Ca”** and parathyroid hormone levels
declined to normal soon after the surgery, and her chest-
related symptoms improved gradually. Re-examination of
chest CT scans (2 weeks after the operation) (Fig. 2g, h)
showed that the lesions, including the calcifications, were
mildly improved, whereas the pulmonary calcifications did
not deteriorate or improve 8 months later in the follow-
up examination (Fig. 2i, j).

Discussion
The majority of patients with MPC suffer from secondary
hyperparathyroidism and typically chronic renal failure

Fig. 3 Representative hematoxylin and eosin (H&E) staining of tissue sections from CT-guided biopsy of left pulmonary a, b and left parathyroidectomy
¢, d. a The alveoli structure was partially damaged. Fibrosis and interalveolar septa broadening were seen in the pulmonary interstitium with multifocal
calcium deposition and irregular-shaped calcified bodies. No obvious inflammatory cell or giant cell reaction was observed in pulmonary interstitium
(H&E 100 % .). b Multifocal irregularities of calcium deposition and the calcified bodies in the pulmonary interstitium were seen at high magnification
(white arrow), some of which resemble the psammoma bodies seen in a thyroid gland papillary carcinoma (red arrow) (H&E 200 x .). ¢ Tumor cells
were shown as the organ-like tissue structure and the tumor cells were in the nest-like distribution. Branched blood vessels were found between the
cells and no tumor necrosis was observed (H&E 100 x .). d High magnification revealed the nest-like distribution of tumor cells, which were round or
columnar with the cytoplasm being transparent and the nucleus being round or oval. Neither nucleus atypia nor mitotic activity was observed.
Sinusoid segmentation could be found between the tumor cells (H&E 200 x .)
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Fig. 4 Representative “™Tc-MDP bone scintillation images showing pulmonary calcification. The patient was intravenously injected with 740-925 MBq
9MTc MDP and emptied the bladder after 3 h. A SPECT instrument was used, which was equipped with a parallel low-energy high-resolution
collimator. Anterior and posterior views were imaged at same time with scanning speeds of 15-20 cm/min and matrix 1024 x 256 pixels

Anterior Posterior

[6-9]. It was reported that at autopsy, 60—80 percent of
long-term hemodialysis patients exhibited MPC, with
most of these cases not being recognized during life [9].
However, there are few cases that report MPC in pa-
tients with primary hyperparathyroidism and the reason
for this remains unclear. The case we report here in-
volved a delayed diagnosis of parathyroid adenoma,
which was eventually identified by histopathology.
Given that most patients with primary hyperparathyr-
oidism who suffer from adenoma, glandular hyperpla-
sia, or carcinoma would receive surgeries shortly after
the diagnosis was established, mostly at an early stage
[1, 2], there might not be sufficient time for the patho-
genetic development of MPC.

The underlying pathogenic mechanism of MPC is not
yet well understood. Most studies suggest that dis-
ruption in the metabolism of calcium and phosphate
contribute to MPC [3, 7, 9]. MPC may occur when
calcium-phosphate products exceed 40 mg/dl* [10, 11].
Long-term disorders of calcium and phosphate may lead
to parathyroid hyperplasia, which will secrete more para-
thyroid hormone to balance the electrolyte concentra-
tions. It is difficult for kidneys to excrete excess calcium;
therefore, excess calcium will be deposited in tissues and
organs, including lungs [3]. Similar to the majority of
reported cases, both hypercalcemia and a high level of
parathyroid hormone were observed in the present pa-
tient. However, MPC has also been reported in patients
with normal calcium and phosphate levels, normal para-
thyroid hormone, and normal renal function [3, 12].

Because metastatic calcifications are frequently found in
lung, kidney, and stomach, it has been noted that the
secretion of free hydrogen ions is an important local
factor in the development of metastatic calcification.
These organs secrete lots of free hydrogen ions and
create an alkaline environment, which can induce the
deposition of calcium salts [13, 14].

Although MPC generally progresses gradually, it may
also develop relatively quickly within a short period of
time, from several weeks to months [4, 15]. In the
present case the MPC developed very rapidly, in only
five days, which has been rarely reported before. The
factors that trigger such aggressive development of MPC
remain unidentified, although reports suggest that hy-
percalcemia or unsuccessful renal transplantation may
play an important role in the development of severe
MPC [16, 17]. Thurley and his colleagues [18] once re-
ported a patient with chronic renal failure who suffered
rapidly progressive MPC and mentioned that chest in-
fection might be a contributory factor for rapid progres-
sion. The present patient suffered a similar experience
for she contracted a mild cold after admission. There-
fore, respiratory infection combined with hypercalcemia
may have activated the rapid development of MPC in
the present patient.

The majority of the patients with MPC are asymptom-
atic and have a favorable prognosis [19]. While the
minority of patients who develop MPC rapidly sometimes
exhibit severe respiratory distress that can lead to death
[4, 8]. The rapid development of MPC is characterized by
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a progressive chest shadow that can be visible on high-
resolution CT (HRCT). This shadow is often described as
multiple diffuse nodules, diffuse or patchy areas of ground-
glass opacities, and confluent parenchymal consolidations,
which is easily misdiagnosed as severe pneumonia or
pulmonary edema [4, 8, 19, 20], as seen in the present case.
In these cases, treatments with antibiotics, hormone,
diuretics, or digitalis are not warranted. The relative
stability of pulmonary consolidations and no reaction to
the antibiotics might be useful to differentiate MPC from
infectious pneumonia. In these circumstances, a pulmon-
ary biopsy and 99mTc-MDP bone scintillation imaging
should be taken to establish the diagnosis of MPC.

Surgical parathyroidectomy is an effective strategy to
treat MPC in the patients with primary hyperparathyr-
oidism and secondary hyperparathyroidism with para-
thyroid hyperplasia [1, 21-23]. Following parathyroid
resection, the MPC is often mildly absorbed and does
not deteriorate. However, this approach is unlikely to
completely absorbed large calcification deposit in the
lung [3]. In our case, it was observed that the pulmonary
calcifications were mildly absorbed 2 weeks after the op-
eration and no additional improvement was observed
over the following 8 months. However, in rare cases con-
tinued absorption may occur. Gui and his colleagues
[24] reported a case with parathyroid adenoma in which
pulmonary calcified lesions were significantly absorbed
11 months after surgical parathyroidectomy. Other ther-
apies for MPC are limited. Normalizing the imbalance of
calcium and phosphate during dialysis and discontinuing
vitamin D supplements have been suggested and may be
effective to some extent [12, 25].

Conclusion

In summary, the rapid development of MPC in primary
hyperparathyroidism is rare and it is easily misdiagnosed as
primary pulmonary disease. *™Tc-MDP bone scintillation
imaging and pulmonary biopsy can be used to differentiate
MPC from other diseases. Surgical resection of the para-
thyroid gland is helpful to treat MPC in patients with pri-
mary hyperparathyroidism and is regularly recommended.
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